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I do not for one moment suppose that a natural history 
museum of this kind is suitable for all places. Th q genius loci 
must be, in all places, the genius of the museum. The principles 
however of success are the same in all, and success can only be 
achieved in a limited degree if there be no signs of the worship 
of some of the Muses in the arrangements. 

The Work of the Museums Association. 

In ending this address, all too long, I fear, for my audience, all 
too short for my subject, I must add a few words as to our work 
as a Museum Association. It is twofold. First, we must arouse 
ourselves to the present situation and note the directions which 
the intellectual movement of the day is taking. Next, it is our 
duty to arouse the public to the importance of museum develop¬ 
ment, and to take care that the claims of museums as instru¬ 
ments of education shall not be ignored in the grants made by 
public bodies for the good of the commonweal. 


ON THE CARBURIZATION OF IRON 

I. 

'T'HE conditions under which carbon combines with iron have 
1 been closely studied, and the observed phenomena fully 
discussed. Even now, however, it is doubtful whether true 
chemical combinations of carbon and iron are formed. It 
has been alternatively assumed that carbon is with difficulty 
soluble in iron, and that at low temperatures solution may pro¬ 
ceed very slowly. In other words, carbon is not easily dissolved 
except at high temperatures ; and it follows that if highly heated 
iron fully charged with carbon be cooled, a portion of the carbon 
must be precipitated in this state, existing simply as foreign 
matter in the metal, but that, on reheating, it may again enter 
into solution. Low carbon steels may be regarded as dilute 
solutions of carbon in iron ; pig or cast iron as saturated ; and 
intermediate grades may be termed moderately concentrated 
solutions; 

Against this, however, there is a mass of evidence which de¬ 
serves attention and cannot be ignored. Percy states that for 
the full carburization of iron a high temperature is necessary, 
and further, considering the absolute infusibility of carbon, it 
seems reasonable to assume that these elements must enter into 
chemical combination. It is, however, admitted that this com¬ 
pound may have the power of dissolving additional carbon ; this 
explains the copious deposition of carbon in the graphitic form 
when iron is cooled. Dr. Percy finally concludes that there must 
be at least one definite compound of carbon and iron, but adds 
that there seems to be no reason why solution should not occur, 
as in the case of mercury, which liquefies gold, silver, or copper. 

Prof. Roberts Austen also (“On Certain Properties common 
to Fluids and Metals,” Royal Institution, March 26, 1886) 
speaks of the power which certain solid metals have of even 
rapidly taking up fluids—clearly cases of solution. Abel 
claims to have proved the existence of a definite compound of 
carbon and iron. Prof. Robert^ Austen also finds that heated 
iron combines with pure carbon in the form of diamond dust. 
The author also has succeeded in directly combining iron 
fused in vacuo with pure sugar charcoal presumably freed from 
gases by repeated heatings in vacuo. Yet it is obvious these 
instances may all be explained on the theory of solution at 
elevated temperatures, with the exception of Prof. Abel’s, who 
claims to have isolated a definite carbide of iron from the metal. 

Matthieson, as the result of an elaborate research, states that 
“with few exceptions” most of the known two-metal alloys are 
solidified solutions of one metal in another. Carbon-iron 
alloys may be looked upon as solidified solutions of carbon in 
iron, and the analogy of cast iron with other alloys indicates the 
non-existence of chemical combination between carbon andiron. 

Again, viewing alloys as definite chemical combinations, the 
facility with which heated iron absorbs certain gases does not 
admit of easy explanation. 

Deville, however, imagines a kind of porosity in the metals, 
terming it an intermolecular porosity, sufficient to admit of the 
passage of gas at a low temperature ; and supposes it developed 
by the expansive agency of heat. Graham assumes that the 
affinity of the gases for iron and platinum is as the attraction 
admitted to exist between a soluble body and its solvent. 

Other metallurgists are of opinion that carbon does not 
directly combine with iron, attributing their union to the in- 
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direct action of carbon monoxide gas always present in iron; 
by the agency of this gas carbon is indirectly transferred to iron ; 
but it would appear that this cannot be maintained, for it has 
been proved that carbon combines directly with iron one way 
or the other, u e. by solution or chemical combination. 

Whatever may be said of irons containing an excess of 
carbon, i.e. cast iron and very hard steel—which, if one grants 
that carbon is not very soluble in iron at a low temperature 
may be termed supersaturated solutions—in the case of low 
carbon steels there seems some ground for assuming that carbon 
is merely dissolved in the metal. 

Sir L. Bell tells us that, on heating thin sheets of carburized 
metal or steel piled closely together, the excess of carbon con¬ 
tained in one or more of the sheets is transferred to the others. 
Wrought iron is carburized in much the same manner by the 
cementation process, and it is equally possible that heterogeneous 
iron, i.e. iron containing intermixed carbon or graphite, and as 
a rule not equally diffused, may by continued sufficient heat¬ 
ing become practically homogeneous. 

It is a well-known fact that the carbon in low carbon steel 
—for instance, Bessemer steel—exists in at least two different 
forms ; Prof. Ledebur says four. Akerman (Iron and Steel 
Institute) classifies these as (1) hardening carbon, or the carbon 
which determines the quality of steel, (2) cement carbon, and 
also graphite may be present. 

The united researches of many workers in this field of research 
indicate generally that a portion of the total carbon is in inti¬ 
mate union with the metal, and that the more intimately com¬ 
bined or hardening carbon determines the quality of the steel. 
The carbon incompletely combined (or intermixed carbon) is 
termed cement carbon, because it occurs in the largest propor¬ 
tion in blister or cement steel. 

Does not the above point to a case of solution of carbon, in 
which the quantity in solution is determined by temperature, 
just as with other solutions? 

Metallurgists, however,■’can hardly accept the theory of solution 
without qualification. 

Mr. Spencer states that “ unhardened steel containing i*i8 
per cent, total carbon—of which the colour test indicated *89 per 
cent, as combined carbon, and residual carbon or graphite '29 per 
cent.—after being hardened, gave only *58 by colour test, and 
only traces of graphitic carbon, showing a loss of *51 per cent, 
of carbon. A softer steel, containing *50 total carbon—equalling 
‘45 per cent, by colour test, '04 per cent, graphitic carbon— 
after hardening, only ‘21 colour test carbon; graphitic carbon 
*00, showing a loss of '29 per cent. Other analyses were made 
confirming the above, and establishing the fact that after harden¬ 
ing there is always a proportion of carbon which can neither be 
determined as graphite or by the colour test, and this propor¬ 
tion is found to increase according to the larger amount of 
carbon in the metal, and the rapidity with which it was cooled” 
(Mr. Spencer, Iron and Steel Institute). 

The facts above quoted are not apparently in accord with 
the theory of solution ; but there are undoubted allotropie 
modifications of carbon, and this peculiar form may be one 
of these, “ uncombined,” and may be classified with the graphite, 
orreally as merely intermixed foreign matter. 

There is the alternative assumption that the missing carbon 
may exist in some form or combination with the iron, possibly 
not capable of being registered by the colour test; but as the 
steel is treated with dilute nitric acid, in which it is completely 
soluble, with the exception of the graphite, this assumption can 
hardly be maintained. 

Referring to Akerman’s assertion that only combined “ harden* 
ing ” carbon determines the physical properties of steel—an 
assertion with which Mr.Spencer agrees—“The apparent loss 
of carbon shown by the latter, and which we have determined 
as intermixed carbon or a form of graphite ”—it may well be 
that the missing carbon is so intimately mixed as to be in 
a state closely bordering on solution, for it is well known 
that it is difficult to draw the line between absolute solution 
and matter finely suspended in a liquid. The latter practically 
often presents the appearance of a solution scarcely to be 
distinguished from it. Messrs. .Harold Picton and L, E. Linder 
(Chem. Soe., January 1891) are of opinion that there is a con¬ 
tinuous series of grades of solution passing without break from 
suspension to a crystallizable solution. This seems very probable, 
and in accordance with our chemical experience. 

Graphite, if the author has adequately grasped Prof. Aker¬ 
man’s views, has little or nothing to do with the quality of 
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iron. ‘ 4 Graphite carbon exerts an influence only on iron 
in so far as it diminishes the continuity of the iron molecules. 
We often meet with the incorrect statement that the influence 
of carbon on pig-iron is quite different from its action on steel 
and malleable iron. 

“ It is easy to prove to the contrary if we distinguish properly 
in pig-iron between the combined carbon and that which is 
only mechanically incorporated as graphite, which ought not to 
be included in the calculation if we wish to form a judgment 
on the properties of pig-iron as dependent on its contents of 
carbon. ” 

As one understands this, the same applies to steel. 

So far there can be no difficulty in assuming at least the 
probability of the solution of carbon in iron, and that the 
physical qualities of the metal are determined by the quantity 
of carbon in solution, i.e. Akerman’s hardening carbon. 

The facts, per contra , appear mainly to indicate that carbon is 
merely sparingly soluble in iron at temperatures below its fusion- 
point. 

A more serious objection (previously referred to) is that 
carbon is practically infusible, more especially in the graphitic 
form. How this intractable body so readily interpenetrates iron 
is a problem not easily solved. 

The ordinary chemical theory of solution as usually under¬ 
stood does not, however, seem applicable on the whole ; but 
some of the results accruing from the recent development of the 
gaseous, or rather physical theory of solution, may be made 
available for this purpose. 

The Physical or Gaseous Theory of Solution. 

In cases of simple solution the dissolved substance may be 
regarded as being evenly distributed throughout the solvent. 
The substance is dissolved by virtue of osmotic pressure, and 
Van *t Hoff has shown that osmotic pressure in solutions corre¬ 
sponds to gaseous pressure in space. 

Further, it appears that both Boyle’s and Charles’s law holds 
good, at least for dilute solutions, osmotic being the equivalent 
for gaseous pressure, which pressure increases for constant 
volume proportionally to the absolute temperature. It has 
been, however, objected that Boyle’s law is not strictly applic¬ 
able to “more especially concentrated solutions,” but Prof. 
Orme Masson (Nature, February 1891), states that these are 
comparable with the case of gases at high pressures. Again, ex¬ 
ceptions are claimed under the law of Avogadro, i.e. equal 
volumes of gases contain equal numbers of molecules under 
like conditions of temperature and pressure, but as regards 
compound gases exceptions occur, as also with dilute solutions. 

Exceptions can be explained by the theory of dissociation. 
The analogy between gases and the physical theory of solutions 
thus seems complete, and Ostwald describes an experiment in¬ 
dicating the existence of free ions in a dilute solution of 
potassium chloride ; other instances might also be quoted. 

The author’s object, however, is not to discuss the absolute 
correctness or otherwise of the theory of gaseous solution, which 
seems pretty well established; but to show that it may be ap¬ 
plicable to the solution of carbon in molten, semi-fluid, or even 
merely heated iron, apart from possible cases of dissociation and 
chemical combinations. Solution is simply the even distribution 
of one body in another, or such distribution as that of per¬ 
manent gaseous matter through space. It may be urged that 
the theory is not applicable to semi-fluid or merely heated iron. 
No definite line can, however, be drawn ; it is obvious that the 
different grades of temperature are simply approximations, more 
or less, to the ideal fluid condition. The law of solution, 
as above defined, may suffer modifications, but need not in con¬ 
sequence be rejected. 

“ Definition of Osmotic Pressure . 1 
“ Osmotic pressure is really a definite force. With suitable 
apparatus this force can be measured, in centimetres of a 
mercury column, and Pfeffer has shown that this, the osmotic 
pressure, is intimately connected with the nature of the dissolved 
substance. 

“ The pressure was found to be dependent on, and in propor¬ 
tion to, the concentration of the solution ; the pressure at a 
specified concentration is dependent on the temperature—a rise 
in temperature corresponds to an increase in pressure. 

“ This discovery remained unnoticed. In the first instance the 

1 Ostwald, “On Solution.” 
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facts were only required for the elucidation of certain physio¬ 
logical questions. 

“And it was not until 1886 that Van ’t Hoff developed a 
theory of solution based on these phenomena. 

“Osmotic pressure is a specific property of the substance in 
solution, and in this respect resembles gaseous pressure. The 
analogy between the state of solution and the gaseous state is 
clearly shown (pp. 115-17). Dissolved substances exert the 
same pressure in the form of osmotic pressure as they would 
exert if they were gasified at the same temperature without 
change of volume. 

“ All that we know of gases holds good for solutions, substi¬ 
tuting osmotic for gaseous pressure. 

“ Osmotic pressure is, in some instances, very great.” 

And it seems clear that osmotic pressure is not a mythical, but 
a real or actual force of considerable power, and one which may 
be rationally applied to the elucidation of the cause of the car- 
| bonization of iron; further, it may even afford a clue to the 
I phenomena observed in the production of other alloys. 

As regards the carburization of iron, the physical theory of 
solution, “ founded on the identity of osmotic with gaseous 
pressure,” seems the only one capable of affording a satisfactory 
explanation of the facility with which carbon combines with iron. 

The chemical, or old, theory of solution apparently fails to do 
this. The same may be said of the assumption that chemical 
combinations of iron and carbon are formed. Although it must 
be granted such combinations may exist, yet, in the author’s 
opinion, complete proof is still wanting. It is really difficult to 
realize, when dealing with stable bodies like iron and carbon, 
how their union can be thus accomplished. 

On the contrary, the application of the law of osmose renders 
the conception of the transfer of carbon to iron very easy. 
This force, exerting probably almost illimitable power in nature, 
seems the only one capable of overcoming the inertia of 
bodies ; such, for instance, as that of iron and carbon. 

The physical theory of solution has hitherto only presumptively 
herein been applied to the solution of solids in liquids; and 
it may be asked, Is it applicable to the case of the solution of 
solids in solids, such as carbon and iron, when heated ? 

To this one can reply with confidence that the absolute solid 
has no existence. Unless we reject the atomic theory, it is 
evident that no tangible mass of matter can be termed a solid : 
it is an agglomeration of atoms. Further, accepting the defini¬ 
tion of what is termed the atomic volume— i.e. the spaceoccupied 
or kept free from the access of other matter, by the material 
atom itself, together with its investing sphere of heat—it follows 
that the atoms must be apart from each other in the so-called 
solid mass, and the distances between the atoms are probably 
considerable as compared with the actual volume or size of the 
atoms themselves. Therefore, there can be no difficulty in con¬ 
ceiving that osmotic pressure plays a part in the case of a mass 
of matter, “ conventionally termed a solid.” It is only a ques¬ 
tion of degree ; the quantity of matter dissolved in a given 
time is simply a function of the temperature applied, and at 
a low temperature, the effective osmotic pressure in the case 
of solids seems comparable to that of a liquid evaporating under 
pressure of its own vapour. Evaporation is retarded, and 
the analogy may hold good in the case of the conventional 
solid. John Parry. 


PHOTOMETRIC OBSERVATIONS OF THE SUN 
AND SKY . 1 

A TTEMPTS have been made by Clausius and various other 
mathematicians to calculate the light at different points of 
the perfectly clear sky, and to compare the light of the whole (or 
a portion) of the sky with that of the sun. The difficulties of 
photometric measurement have prevented any of the theories 
being thoroughly established by experimental verifications. 

In the first period of photography, it became a matter of 
practical importance to have some way of testing roughly the 
“actinic activity of diffused daylight,” in order to obtain a 
guide for the time of exposure. Very many photographers, in 
those days when the evils of over-exposure could not be corrected 
in the printing, must have exposed a scrap of sensitive paper, 
and thence concluded how many seconds’ exposure they would 
allow. 

1 “ Photometric Observations of the San and Sky,” by Wm. Brennand* 
Proceedings of the Royal Society, vol. 49, n. 288, April 18, 1891, pp. 255- 
280. 
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